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At curing meat such as pork, beef or veal by adding brine to the meat preferably by injection, and massaging the meat in a 
closed container (4), it appears that the process time can be reduced significantly thereby, that the meat at the massaging is ex- 
posed to ultrasound as well as alternate pressure, changing between vacuum and overpressure. During the overpressure phases 
carbon dioxide respectively nitrogen is added. The method can be carried out in an equipment comprising a rotatable container 
(4) connected to a pressure and vacuum source. For effective transfer of the ultrasound to the meat in the container, ultrasound 
transducers are placed in a closed tube arranged coaxially in the container. 
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A method and equipment for curing meat. 



The present invention relates to a method as well 
as an equipment for curing meat. 

When curing meat such as pork an injector is used 
for injecting brine into the meat. In a Danish patent 
application No. 627/91 filed at the same time as the 
present invention it is proposed to inject dispersed 
brine into the meat, previously it was necessary to add 
the insoluble quantity of brine ingredients as a dry 
substance and massage these into the meat. The process 
time of the hitherto known method is of the time con- 
sumption 3 2-36 hours of which approximately 10 hours 
elapse as a rest period in order to allow time for the 
brine to disperse in the meat. The brine disperses at a 
speed of approximately 1 cm during 10 hours, and as the 
needles of an injector typically are spaced at 2-2 1/2 
cm the brine is dispersed in the meat in the course of 
approximately 10 hours. Thus it seems difficult to re- 
duce the process time as there is a limit to the density 
of the needles in an injector. However, the brine being 
evenly dispersed in the meat does not alone assure a 
high quality. Other and just as important factors must 
be considered, too, factors of a more chemical/biologi- 
cal nature. By way of example it is important that the 
brine obtains a good contact with the myofibrillar pro- 
teins of the meat fibres, as these proteins constituting 
approx. 50% of the protein content of the meat are sol- 
uble in the brine and present a good water-binding ca- 
pacity. Consequently it is important to release the 
myofibrillar proteins or make them attainable. It is 
another chemical fact that the myoglobin being the red 
pigment in meat is inherent in the sarcoplasma proteins 
that are water-soluble. During curing the myoglobin must 
react on the nitrite of the brine during formation of 
the red nitromyoglobin that results in a thermally 
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stable red colour which is essential for the meat to 
retain its colour after the subsequent heat treatment. 
It is important , too, that proteins be released which 
seep to the surface of the meat such that several lumps 
of meat can be formpressed into one piece of meat pos- 
sessing a good sliceability of the final product. 
Furthermore the meat must be tenderized for the end 
product to achieve a good mastication texture. These are 
only some of the complexities to be considered when 
curing meat. 

The sole object of the invention was to reduce the 
lengthy process time of curing meat and preferably such 
that the quality of the final product be improved, but 
under no circumstances be lowered. According to the 
invention this is achieved by subjecting the meat upon 
injection of brine at a subesequent tumbling to ultra- 
sound as well as an alternating pressure between vacuum 
and overpressure, as during the pressure phases inactive 
gases such as carbon dioxide and nitrogen are added. The 
combined effect of the ultrasound and the alternating 
pressure turns out to affect the meat very dramatically. 
It appears that by a short process time also an even 
dispersion of the brine in the meat, release of the 
proteins as well as a tenderizing are achieved. It turns 
out that it is possible to reduce the process time such 
that the meat can be processed and packed for delivery 
within a normal working day of 7 or 8 hours and that 
without lowering the quality of the finished product, in 
fact an improved quality is noticed. The physical /- 
chemical conditions present during the process are not 
fully realized, but it is believed that the alternating 
pressure and the ultrasound cause a mechanical proces- 
sing of the meat that partly disperses the membranes of 
the muscle structure and releases protein as well as 
causing a capillary effect /pulsation in the muscle 
tissue that facilitates the dispersion of the brine. The 
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use of an inert gas being air- and water-soluble such as 
carbon dioxide is believed to assist the despersion of 
muscle fibres as well as resulting in an improved 
pH-value. Using an inert gas only causes a mechanical 
effect as the gas is insoluble in the water phase of the 
meat and does not interfere with the pH-value of the 
meat, possibly disacidif ying nitrogen. Further charac- 
teristics of the method are disclosed in the claims. 

An equipment for applying said method where the 
meat is tumbled in a sealed tank is characteristic in 
having ultrasound transducers placed at or inside the 
portion of the tank where the meat is contained, these 
ultrasound transducers are arranged such that the meat 
is subjected to ultrasound as well as comprising a 
vacuum source and a compressed-air source arranged such 
that the tank can be pressurized by an alternating pres- 
sure between vacuum and overpressure, as during the 
pressure phases a water-soluble gas being free from 
oxygen and being meat acidulating such as carbon dioxide 
and an inert gas such as nitrogen can be let in, respec- 
tively. It is insignificant whether the tank is a 
stationary tank or an unattached movable tank, and it is 
without importance, too, whether the tank is vertical or 
horizontal. Nor is it vital whether the tank be rotated 
to perform a tumbling of the meat or whether inside the 
tank stirring arms or stirrers are provided for proces- 
sing the meat. But of course it influences the actual 
embodiment of the equipment, such as positions of the 
ultrasound transducers and connection for vacuum/ over 
pressure in the tank. With regard to the ultrasound 
transducers it is preferred to place these inside a 
concentrically situated sealed tube or cylinder inside 
the tank and passing through the end bottom and fixed to 
the frame construction. For removal of excess heat from 
a.o. the ultrasound transducers the tank can appro- 
priately be provided with a cooling jacket. The tempera- 
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ture should be kept at a minimum, preperably at approxi- 
mately 2°C. Further details pertaining to the equipment 
are disclosed in the following specification in con- 
nection with the attached drawing as well as in the 
claims . 

The drawing illustrates the following :- 

Fig. 1 is a lateral view of an equipment according 

to the invention illustrating the tank in its tumbling 

position. 

Fig. 2 is an end view and partly a sectional view 
of the equipment as seen from the front. 

Fig. 3 is a lateral view having the tank tilted to 
its filling position. 

Fig. 4 is also a lateral view having the tank tilt- 
ing in its discharging position. 

Fig. 5 is a section of the tube with the ultrasound 
transducers on line B-B in Fig. 2. 

Fig. 6 illustrates an enlarged cross section of a 
transducer fastened inside the tube. 

Fig. 7 illustrates another design of the equipment 
according to the invention based on a stationary tank 
provided with ultrasound transducers at the bottom , and 

Fig. 8 is a direct horizontal view of the equipment 
according to Fig. 7 offering a view of the interior of 
the tank through a plexiglass cover. 

The equipment comprises a frame 2, at which a 
sealed pressure/ vacuum tank 4 is arranged having access 
through a specially constructed cover 6. The drum is 
supported by a tilting frame 8 having two support rol- 
lers 10 at the front and on which the drum rests. At the 
rear the tank is resting at a bearing 12 and can be 
pulled by a motor 14 via a gear such that the tank can 
be brought to rotate about its axis of rotation. At the 
corners the frame is held by upwardly open bearing 
bushes 16. As illustrated by Figs. 3 and 4 the hydraulic 
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cylinders 18 can bring the tank to a filling position 
(Fig. 3) and a discharging position (Fig. 4) . For the 
filling position the front of the tilting frame is 
lifted such that the tank is tilting rearwardly for 
loading meat. During discharging the rear of the tilting 
frame is lifted such that the supply opening faces down- 
wardly for unloading the meat into wheeled containers 
20. Inside the tank 4 a sealed tube 22 is placed co- 
axially, the tube having a square cross-section and a 
number of ultrasound transducers 24 being placed inside 
it. The tube protrudes through the end cover 2 6 of the 
tank and is fastened, i.e. they are suspended inside the 
tank and do not rotate. Wires and other electrical 
equipment are run out through the pipe and gathered in a 
cabinet 28. The square tube is placed edgeways , cf. Fig. 
5 such that two adjacent sides 30, 32 face downwardly 
towards the lower side 34 of the tank. Over the entire 
length of the tube ultrasound transducers 24 have been 
installed on these two sides. For reasons of space they 
have been mutually aligned such that they alternately 
point at either direction. Fig. 6 shows an enlarged 
cross-section of the position of an ultrasound trans- 
ducer. The actual ultrasound transducer has been placed 
in a bushing, the transducer being vulcanized to the 
bushing by white nitrite 38. The bushing is fastened to 
the lateral wall such that the ultrasound transducers 
are placed directly facing the interior of the tank only 
being separated by the vulcanizing layer, which proves 
to absorb only a negligible amount of the energy gener- 
ated by the transducer. The other end of the bushing is 
sealed by an end cover 4 0 fastened by a nut 42. The end 
cover comprises an inlet 44 for the transducer. As the 
degree of filling up the tank normally is approx. 8 0% 
and always above 50% the meat will be in direct contact 
with the transducers and the ultrasound will spread 
through the entire bulk of meat and the tumbling will 
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ensure that all meat gradually passes through the trans- 
ducer tube. It is pointed out that the tube can have 
other geometric cross-sections than exactly square, e.g. 
triangular, rectangular or multiangular , cylindrical. 
Obviously the free end of the tube can also be supported 
in a slide bearing, e.g. fastened in a radially running 
arm in the tank. The actual ultrasound generator, the 
effect of which is matched to the meat to be cured, is 
not illustrated nor is the other control equipment. As 
an example a frequency in the region of 22-29 KHz can be 
mentioned, preferably 25 KHz and an adjustable effect 
ranging from 0-400 watt/ transducer . 

The evacuation of the tank and feed of compressed 
air in the form of carbon dioxide and nitrogen is per- 
formed through an especially designed inlet in the cover 
26 of the tank. This takes place through special coup- 
lings situated at the rotation axis of the tank allowing 
the tank to rotate during evacuation and pressure feed- 
ing of the inert gases. The tank is kept at a rotational 
speed of 2-20 revolutions per minute during this opera- 
tion. Pressure pump, vacuum pump and the gas tanks are 
not illustrated. 

The location of the ultrasound transducers offers 
rather the uptimum transmission of the ultrasonic waves 
to the content of the tank. In order to maintain a tem- 
perature of approx. 2°C the tank can be provided with a 
cooling jacket not shown in the drawing. The requirement 
to maintain a low temperature is partly due to veteri- 
nary reasons, but also due to the curing of the meat 
being more efficient at low temperatures. 

Figs. 7 and 8 illustrate an upright, stationary 
model , where the tank 4 comprises three supports 46. 
Underneath the bottom an arrangement comprising seven 
ultrasound transducers 24 is placed. The tank is pro- 
vided with a removable, heavy plexiglass cover 48 facil- 
itating a visual survey of the process. The ultrasound 
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transducers , incidentally, are fastened as before. The 
cover has a connection 50 for pressure/ vacuum. 

It will be realized that the equipment described 
has a particularly simple design and offers uncompli- 
cated reliability of operation. 
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CLAIMS: 

1, A method for curing meat such as pork, beef or 
veal that is subject to tumbling in a sealed tank upon 
brine being added, preferably by injection, charac- 
terized in that the meat at the subsequent tumbling is 
subject to ultrasound together with an alternating pres- 
sure between vacuum and overpressure as during the pres- 
sure phases inactive gases such as carbon dioxide and 
nitrogen are added. 

2. A method according to claim 1, characterized in 

that 

a) the mechanical curing of meat with brine in the 
tank takes place at a degree of filling of 2 0-85%, pre- 
ferably 50-80% in the tank, that the alternating pres- 
sure is from 0.001 bar absolute to a maximum of 8 bar, 
preferably max. 6 bar, 

b) that during curing gas is extracted until the 
pressure in the tank is at 0.001-0.005 bar absolute, 

c) subsequently still during curing a water-soluble 
gas being free from oxygen and being meat acidulating be 
let in until the pressure in the tank has reached a 
minimum of 1 bar and a maximum of 6 bar, 

d) that the pressure be kept for a minimum of 5 and 
a maximum of 4 0 minutes, 

e) that the pressure subsequently be reduced suc- 
cessively/stepped to approx. 0.001 bar absolute and 
maintained here for 5-60 minutes, preferably for 50 
minutes , 

f ) that stages c) , d) and e) possibly be repeated 
once or more times until a total curing time of 1-6 
hours has passed, preferably 3 hours, 

g) upon which the vacuum be broken by the letting 
in of an inert gas to the tank until atmospheric pres- 
sure be achieved in the tank, such that the meat can be 
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removed . 

3. A method according to claim 2, characterized in 
that the water-soluble gas is carbon dioxide let in at 
such pressure and in such quantity that the pH-value 
becomes approx . 5 . 2 . 

4. A method according to claims 2 and 3, charac- 
terized in that in those cases where the brine injection 
is performed preceding the mechanical curing of the 
lumps of meat and the brine increase be relatively mod- 
erate, extra ingredients are added to the injection 
brine or the tank, said ingredients being dry sugar 
products, aqueous solutions of ascorbic acid or 
Na-ascorbate, hydrocelloids and/or similar ingredients. 

5. A method according to claims 2,3 or 4, charac- 
terized in that the inert gas for equalizing the pres- 
sure in the tank upon the completion of the final vacuum 
stage is a gas which is insoluble in the aqueous phase 
of the meat and cannot alter the acidity of the meat, 
such as nitrogen. 

6. An equipment for curing meat, such as pork, beef 
or veal comprising a sealed tank (4), in which the meat 
can be subjected to a tumbling, as the meat precedingly 
has received brine, preferably by injection, charac- 
terized in that at or inside the tank (4) containing the 
meat ultrasound transducers (24) are placed, arranged 
such that the meat is subjected to ultrasound as well as 
comprising a vacuum source and a compressed-air source 
such that the tank can be pressurized by an alternating 
pressure between vacuum and overpressure, as during the 
pressure phases inactive gases such as carbon dioxide 
and nitrogen can be let in. 
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7. An equipment according to claim 6, characterized 
in that it comprises a cooling source, e.g. a cooling 
jacket to keep the temperature of the tank constant at a 
low temperature, preferably at a maximum of 2°C. 

8. An equipment according to claim 6 comprising a 
horizontal rotationsymmetrical tank (4) that can be 
brought to rotate about its longitudinal axis, charac- 
terized in that ultrasound transducers (24) are placed 
inside the tank, mounted in a concentrically situated 
tube or cylinder (22) . 

9 . An equipment according to claim 8 , characterized 
in that the tube (22) with the ultrasound transducers 
has a square cross-section and is placed edgeways such 
that two adjacent sides (30, 32) face downwardly towards 
the lower side (34) of the tank, and that the trans* 
ducers are placed at these two sides. 

10. An equipment according to claim 6, charac- 
terized in that the tank is supported by a tilting frame 
that can have a filling position for the tank where the 
front of the frame is tilted upwardly about a hori- 
zontal, transverse axis at the rear of the frame, and a 
discharging position for the tank where the rear of the 
frame is tilted upwardly about a horizontal axis at the 
rear of the frame and a rotation position where the tank 
is in its horizontal position. 

11. An equipment according to claim 8, charac- 
terized in that the tanks have connection branches for 
letting gas in and out during the rotation of the tank 
and arranged such that the meat be cured mechanically 
under alternating pressure between vacuum and overpres- 
sure from 0.001 bar to a maximum of 8 bar such that 
during curing gas can be extracted by a vacuum source 
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until the pressure in the tank decreases to 0.001-0.005 
bar absolute and that during curing, i.e. during rota- 
tion of the tank a water-soluble meat acidulating gas 
can still be let into the tank through a compressed-air 
source, until the pressure in the tank has increased to 
min. 1 and max. 6 bar, and that the pressure by the 
vacuum source subsequently can be decreased successive- 
ly/stepped to approx. 0.005 bar absolute and arranged 
such that the vacuum can be broken by letting in an 
inert gas to the tank until atmospheric pressure has 
been reached in the tank. 

12. An equipment according to claim 11, charac- 
terized in that the connecting branches for letting in 
and out gas are placed in the end cover (6) of the tank. 
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